The catalytic mechanism of UDP-galactose 4-epimerase-like L-threonine dehydrogenase (GalE-like L-ThrDH) is unknown.
L-ThrDH was initially determined using the enzyme from Escherichia coli (9) . showed that the overall fold of the monomer and the assembly of the tetramer were similar to those of alcohol dehydrogenases (10, 11) .
We recently determined the crystal structure of an L-ThrDH from the psychrophilic bacterium Flavobacterium frigidimaris KUC-1 in complex with NAD + and a substrate analogue, glycerol (PDB entry, 2YY7) (12) . This enzyme exhibited notable sequence identity with UDP-galactose 4-epimerase (GalE) homologues, and its overall fold showed significant similarity to those of GalEs, which belong to the short-chain dehydrogenase-reductase (SDR) family. Thus F. frigidimaris L-ThrDH is markedly different from conventional L-ThrDHs, which belong to the MDR family (12, 13) . frigidimaris L-ThrDH (12, (14) (15) (16) . By contrast, we found that the two signature sequences in the GalE, a YXXXK motif in which the conserved tyrosine plays a key role in catalysis, and a GXXGXXG motif, which is located near the cofactor-binding pocket, are strictly conserved in the F. frigidimaris enzyme. This suggests the reaction catalyzed by F. frigidimaris L-ThrDH is probably similar to that catalyzed by GalE.
Notably, however, the catalytic residue and the mechanism underlying the catalytic reaction of F.
frigidimaris L-ThrDH remain uncertain due to the enzyme's instability.
Within the genomic sequence of the thermophilic archaeon Thermoplasma volcanium,
we found a gene (open reading frame identification number TVN0454) whose predicted amino acid sequence exhibits 44% identity with that of F. frigidimaris L-ThrDH.
In the present study, we expressed the gene, characterized the enzyme produced, and show that the enzyme is a thermostable GalE-like L-ThrDH. We also determined four crystal structures for this enzyme at 1.77-2.07 Å resolution in the presence of NAD + , an inhibitor and two substrates. This is the first description of the molecular basis of the substrate recognition and thermostability of an archaeal GalE-like L-ThrDH. Our findings provide new insight into the catalytic mechanism of GalE-like L-ThrDH. GalE was assayed as previously described (13) .
EXPERIMENTAL PROCEDURES

Cloning and Protein Expression
Polyacrylamide gel electrophoresis and molecular mass determination  SDS-PAGE (12% acrylamide slab gel, 1-mm thick) was carried out using the procedure of Leammli (19) , after which the protein band was stained with
Coomassie brilliant blue R-250.
The molecular mass of the purified enzyme was determined using an analytical 
Stability, pH Optimum and Kinetic
Parameters  To determine the effect of temperature on its stability, the enzyme was incubated for 10 min at different temperatures in 10 mM potassium phosphate buffer (pH 7.0) containing 50 mM NaCl. The residual activity was determined using the standard assay method.
To determine the effect of pH on its stability, the enzyme was incubated for 20 min in buffer at different pHs (50C), and the remaining activity was again determined using the standard assay method. The buffers (100 mM) used for these assays were citrate (pH 3.0 to 6.0), potassium phosphate (pH 6.0 to 7.5), Tris-HCl (pH 7.5 to 9.0) and glycine-NaOH (pH 9.0 to 11.5). The same buffers were also used to determine the optimal pH for enzyme activity at 50C. The initial velocity was determined by varying the concentration of one substrate while keeping the concentrations of the other substrates constant, as previously described (20) . Table 1 .
Crystallization and Data Collection
Structure Analysis  Hydrogen bonds were identified using the program CCP4mg (27) .
Ion pairs (the cut-off distance was 4.0 Å (28)) were identified using the WHAT IF web server (29) . Molecular graphics were created using PyMOL (http://pymol.sourceforge.net/). (E153N) at 50C. waters. In all cases, the C-terminal residues (Fig. 4) . (14). This "Thr/Ser-Tyr-Lys catalytic triad" is strictly conserved in E. coli and human GalEs, and F.
RESULTS AND DISCUSSION
Gene expression and enzyme purification
Molecular and catalytic properties of T. volcanium L-ThrDH
DL-allo-threonine, DL-threo-3-phenylserine, L-serine, L-homoserine, L-aspartate, L-glutamate, L-methionine, L-alanine, L-leucine, L-phenylalanine, L-proline, glycine, L-lysine, L-aspargine, L-arginine, L-isoleucine, L-histidine,
Insight into the ThrDH reaction
frigidimaris and T. volcanium L-ThrDHs (Fig. 4) .
Thus a common catalytic mechanism should be predictable among SRD family enzymes.
We recently proposed two possible (Fig. 4) . This may make the GTTDY motif a benchmark that distinguishes the GalE-like L-ThrDHs from GalEs although further experimental verification should be necessary.
4-epimerase; RMSD, root-mean-square deviation; PDB, protein data bank. 
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